Klebsiella pneumoniae 5064, isolated in New York, carried plasmid-mediated resistance to multiple ␤-lactams and was unresponsive to clavulanic acid. The ␤-lactamase gene responsible for cephalosporin resistance encoded FOX-5, with 96 to 97% amino acid identities to other members of the FOX family of ␤-lactamases. The bla FOX-5 coding region was located next to a transposase gene from the Aeromonas salmonicida insertion element ISAS2.
Queenan, K. Bush, and S. Jenkins, Abstr. 39th Intersci. Conf. Antimicrob. Agents Chemother., abstr. 1470, 2000].)
K. pneumoniae 5064 was a urine culture isolate from a 90-year-old female nursing-home patient ( Table 1 ). The MICs shown in Table 2 were determined by the NCCLS broth microdilution method (18) . K. pneumoniae 5064 was resistant to penicillins and cephalosporins, including cephamycins, and refractory to inhibition by clavulanic acid. This clinical isolate was susceptible to imipenem, aztreonam, and gentamicin, intermediate to tetracycline, and resistant to ciprofloxacin and trimethoprim-sulfamethoxazole (Vitek Biomerieux, Durham, N.C.). K. pneumoniae 5064 contained a plasmid of approximately 125 kb, which was isolated with the Qiagen Miniprep kit, electroporated into E. coli DH5-␣, and selected on LuriaBertani agar containing 2 g of ceftazidime per ml. The ␤-lactam resistance profile of the E. coli DH5-␣/p5064 transformant was similar to that of the clinical isolate, but ciprofloxacin, trimethoprim-sulfamethoxazole, and tetracycline resistance were not transferred with this plasmid.
␤-lactamases in K. pneumoniae 5064 and the E. coli transformant were examined by isoelectric focusing (IEF) of freezethaw lysates (7, 17) separated on Ampholine PAGplates (pH 3.5 to 9.5; Amersham Pharmacia, Piscataway, N.J.), with visualization using nitrocefin. To test inhibition, filter paper saturated with a single inhibitor (10 g of aztreonam per ml, 100 M tazobactam, or 50 mM EDTA) was applied to the IEF gel for 10 min before development with nitrocefin. IEF analysis revealed that K. pneumoniae 5064 contained three ␤-lactamases, with pI values of 5.6, 7.2, and 7.6 ( Table 1) . The E. coli transformant carried the pI 5.6 and pI 7.2 enzymes. The enzymes with pI values of 5.6 and 7.6 were inhibited by tazobactam, consistent with TEM-2-like and SHV-type ␤-lactamases. The ␤-lactamase with pI 7.2 was inhibited by aztreonam but not by tazobactam or EDTA.
The isoelectric point and inhibition profile data of the pI 7.2 enzyme suggested an AmpC ␤-lactamase, possibly of the FOX family. PCR of DNA from K. pneumoniae 5064 with FOXspecific primers FOX1F and FOX1H produced a band of approximately 1 kb, which was predicted to encompass the entire FOX-coding region (3). The PCR product was cloned into pCR2.1 (Invitrogen, Carlsbad, Calif.), and 13 clones were sequenced with M13rev and T7 primers by ACGT, Inc. A subclone of the FOX-5 region of p5064 was obtained by ligating EagI fragments of p5064 into pACYC184 cut by EagI (New England BioLabs, Beverly, Mass.) to yield pFOX-5. Transformants selected on agar containing 2 g of ceftazidime per ml contained a single pI 7.2 ␤-lactamase and displayed a ␤-lactam resistance profile similar to that of K. pneumoniae 5064, except for the tazobactam-inhibited piperacillin resistance, which was probably contributed by the pI 5.6 TEM-2-type ␤-lactamase on the original plasmid (Tables 1 and 2 ). The nucleotide sequence of the p5064 fragment containing bla FOX-5 is shown in Fig. 2 . The transcriptional start site was mapped by primer extension (Promega, Madison, Wis.), and putative Ϫ10 and Ϫ35 sequences are underlined (21) . Immediately 5Ј to the bla FOX-5 gene is a region with 98% DNA homology to the ISAS2 insertion element transposase from Aeromonas salmonicida (12) , a member of the IS30 family. The DNA sequence downstream from the FOX-5 coding region contains an imperfect inverted repeat of 27 bp, followed by a CTG, two other features of ISAS2. These results suggest that the bla FOX-5 gene is part of an insertion sequence element. CMY-4 and several CTX-M ␤-lactamases are also reported to be associated with insertion elements (P. D. Stapleton, Abstr. 39th Intersci. Conf. Antimicrob. Agents Chemother., abstr. 1457, 1999; GenBank AF286192 and GenBank AF252622).
The FOX-5 ␤-lactamase was purified from the DH5-␣/ pFOX-5 transformant grown in tryptic soy broth with 2 g of ceftazidime per ml. A freeze-thaw lysate (7) was passed through a Sephadex S-75 column in 50 mM phosphate buffer (pH 7.0). Active fractions were further purified using cation exchange in 25 mM phosphate buffer (pH 6.2) through HiTrap S (Amersham-Pharmacia), followed by anion exchange through HiTrap Q (Amersham-Pharmacia) in 25 mM Tris (pH 8.5). FOX-5 purity (98%) was determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis gels stained with Coomassie blue; the molecular mass calculated from the gel was 37 kDa.
Hydrolysis data were obtained by measuring initial rates at 25°C on a Shimadzu 1600UV spectrophotometer (22) . All substrates were prepared fresh in 50 mM phosphate buffer, pH 7.0. K m and V max were determined by averaging results of Eadie-Hofstee, Hanes, Cornish Bowden direct linear plots and a least-squares fit to the Michaelis-Menten equation. The concentration of inhibitor that decreased enzymatic activity by 50% (IC 50 ) was determined by graphing percent control activity against concentration of inhibitor, using initial rates obtained after a 5-min preincubation of enzyme and inhibitor at 25°C. Cephaloridine at 100 M was used as the substrate for the IC 50 studies. The K i of aztreonam was determined under steady-state conditions using the Dixon plot for inhibitors of high affinity, with cephaloridine as a substrate at 100 and 300 M (9).
FOX-5 had a hydrolysis profile similar to those of the other FOX enzymes (Table 3) (4, 11, 16) . Cephaloridine and cephalothin were hydrolyzed 70 to 80 times faster than penicillin. Hydrolysis of cefoxitin was 1,000-fold slower than cephaloridine hydrolysis. Notable among the FOX family of ␤-lactamases is a low K m value of 0.9 M for cefoxitin, which increased the catalytic efficiency (k cat /K m ) for this substrate. Cefepime and cefpodoxime had low k cat values, but the catalytic efficiency of cefpodoxime was 10-fold higher than that for cefepime, primarily due to the low K m for cefpodoxime. Cefotaxime, ceftazidime, and aztreonam had hydrolysis rates too slow for reliable determination of kinetic parameters. Clavulanic acid and tazobactam were poor inhibitors, while aztreonam inhibited FOX-5 with a K i of 1.6 nM (Table 3) . Plasmid-mediated AmpC enzymes have been reported with increasing frequency in several U.S. medical centers (8;G. A. Jacoby, P. Han, M. Alvarez, and F. Tenover, Abstr. 35th Intersci. Conf. Antimicrob. Agents Chemother., abstr. C40, 1995). In one study, the occurrence of AmpC-type ␤-lactamases in clinical isolates of E coli, K. pneumoniae, and Proteus mirabilis was 1.2%, with half of these strains carrying the AmpC on a plasmid (8) . This report is the first biochemical characterization of a FOX family plasmid-mediated ␤-lactamase in the United States, indicating the expansion of this family of enzymes into North America. The association of FOX-5 with an insertion element suggests a mechanism for its incorporation into the K. pneumoniae p5064 plasmid. As a result, further transmission of FOX ␤-lactamases may be expected.
Nucleotide sequence accession number. The GenBank accession number for the FOX-5 sequence is AY007369.
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